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(67)  The present invention relates to a machine tool
100, in particular a lathe, comprising a machine frame
110 having an upper tool carrier support portion 113, a
lower tool carrier support portion 114 and a spindle carrier
portion 112 arranged between the upper and lower tool
carrier support portions, a spindle carrier 120, being ar-
ranged on or at a height of the spindle carrier portion 112
of the machine frame 110, supporting a main spindle 121
configured to receive a workpiece W, the main spindle

121 having a horizontally arranged spindle axis, one or
more tool carriers, each tool carrier being supported on
a tool carrier assembly 150 being arranged on either the
upper tool carrier support portion or the lower tool carrier
support portion of the machine frame 110. The invention
is characterized in that a lower side-surface of the lower
tool carrier support portion 114, to which the one or more
tool carriers are mountable, is arranged to have an over-
hanging inclination.
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Description

[0001] The present application relates to a machine
tool, in particular a lathe or turret lathe.

Background

[0002] Machine tools of a generic type, such as for ex-
ample a lathe or turret lathe, typically comprises a ma-
chine frame that may be provided with at least two rotat-
ably mounted work spindles which face each other and
have parallel or coaxial spindle axes, wherein the work
spindles can receive workpieces which are machined on
the machine tool. In order to provide the tools for machin-
ing, tool carriers are supplied which are usually made
available on movable tool carrier slides, in particular com-
pound slides, which are arranged at the machine frame
and can be moved by means of one or more linear axes
relative to the work spindles (e.g. can be moved in three
direction such as e.g. the X, Y or Z directions). Such
machine tools of this type are known, for example, from
EP 2714 307 B1, EP 2714 308 B1, EP 2 714309 B1 or
EP 2 714 310 B1.

[0003] In general, machine tools of this type require
that the machine tool be provided so as to enable efficient
machining of the workpieces with the largest possible
number of tools usable at the same time, if possible, with
the highest possible degree of flexibility as regards the
control of the relative movements between the tools and
the tools received in the work spindles, accompanied by
a simultaneous compact and cost-effective but rigid de-
sign of the machine tool, and with a machining area which
can be accessed in the best possible way by the proc-
essor or operator of the machine tool.

[0004] Itis an object of the invention to improve a ma-
chine tool of the generic type so as to enable more effi-
cient machining of the workpieces with the largest pos-
sible number of tools usable atthe same time, if possible,
with the highest possible degree of flexibility as regards
the control of the relative movements between the tools
and the tools received in the work spindles, accompanied
by a simultaneous compact and cost-effective yet rigid
design of the machine tool, and with a machining area
which can be accessed in the best possible way by the
processor or operator of the machine tool.

Summary

[0005] In view of the above object, the present inven-
tion proposes a machine tool, in particular a lathe, in ac-
cordance with claim 1. Dependent claims relate to pre-
ferred exemplary embodiments.

[0006] According to an exemplary aspect, a machine
tool, in particular a lathe, may comprise a machine frame
having an upper tool carrier support portion, a lower tool
carrier support portion and a spindle carrier portion ar-
ranged between the upper and lower tool carrier support
portions, a spindle carrier, being arranged on or at a
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height of the spindle carrier portion of the machine frame,
supporting a main spindle configured to receive a work-
piece, the main spindle having a horizontally arranged
spindle axis, and one or more tool carriers, each tool
carrier being supported on a tool carrier assembly being
arranged on either the upper tool carrier support portion
or the lower tool carrier support portion of the machine
frame.

[0007] The tool carriers can be equipped with different
types of machining heads, and in particular different
types of machining heads (such as e.g. turrets, grinding
wheel, gear hobbing devices, etc.) can respectively be
mounted onto each tool carrier. There can be one or two
tool carriers be supported on the upper tool carrier sup-
port portion and/or there can be one or two tool carriers
be supported on the lower tool carrier support portion.
[0008] A lower side-surface of the lower tool carrier
support portion, to which the one or more tool carriers
are mountable, is exemplarily arranged to have an over-
hanging inclination.

[0009] Preferably, the lower side-surface of the lower
tool carrier support portion is inclined at an overhanging
inclination angle in the range between 300 and 330 de-
grees (or in other words between -60 and -30 degrees),
in particular at substantially 315 degrees (or in other
words at substantially -45 degrees).

[0010] Preferably, an upper side-surface of the upper
tool carrier support portion, to which the one or more tool
carriers are mountable, is arranged to have aninclination.
[0011] Preferably, the upper side-surface of the upper
tool carrier support portion is inclined at an inclination
angle in the range between 30 and 60 degrees, in par-
ticular at substantially 45 degrees.

[0012] Inpreferred exemplary embodiments, the upper
side-surface of the upper tool carrier support portion, to
which the one or more tool carriers are mountable, is
arranged to have an inclination which has substantially
the same inclination angle with respect to the horizontal
plane from above the horizontal plane as the inclination
of the lower side-surface of the lower tool carrier support
portion with respect to the horizontal plane from below
the horizontal plane. In other words, the absolute value
of the (negative) overhanging inclination angle of the low-
er side-surface of the lower tool carrier support portion
is preferably substantial equal to the inclination angle of
the upper side-surface of the upper tool carrier support
portion. This has the benefit that a complete symmetry
of the frame of the machine tool can be realized, for which
equal machining performances can be achieved both
from upper and lower machining heads (such as turrets,
grinding wheel, gear hobbing devices, etc.) arranged on
the upper and lower tool carrier supports.

[0013] Preferably, the inclination of the upper side-sur-
face of the uppertool carrier support portion and the over-
hanging inclination of the lower side-surface of the lower
tool carrier support portion are arranged at substantially
90 degrees with respect to each other, preferably in that
the inclination angle of the upper side-surface of the up-



3 EP 3 616 832 A1 4

pertool carrier support portion is substantially 45 degrees
and the inclination angle of the lower side-surface of the
lower tool carrier support portion is substantially 315 de-
grees (or in other words -45 degrees).

[0014] Preferably, one or more or each tool carrier as-
sembly is configured to independently move the respec-
tive tool carrier in one or more linear directions, including
at least one of a Z-axis movement direction for moving
the tool carrier horizontally in a direction in parallel to the
spindle axis of the main spindle, an X-axis movement
direction for moving the tool carrier transverse or perpen-
dicular, in particular preferably radially, to the spindle axis
of the main spindle, and a Y-axis movement direction for
moving the tool carrier perpendicular or transverse to the
X-axis direction and in a direction transverse or perpen-
dicular to the spindle axis of the main spindle.

[0015] Preferably, the direction of the X-axis move-
ment direction or the Y-axis movement direction is ar-
ranged perpendicular to the spindle axis of the main spin-
dle and parallel to the inclination of the lower side-surface
of the lower tool carrier support portion and/or an incli-
nation of an upper side-surface of the upper tool carrier
support portion.

[0016] Preferably, one or more or each tool carrier as-
sembly is configured to rotate the respective tool carrier
about a rotation axis which extends perpendicular to the
spindle axis of the main spindle, in particular by a B-axis
movement. Preferably, the rotation axis is arranged
transverse or perpendicular to the spindle axis.

[0017] Preferably, the machine tool further includes a
counter-spindle carrier being arranged on the spindle
carrier portion of the machine frame, supporting a counter
spindle facing the main spindle and being configured to
receive a workpiece, the counter spindle having a hori-
zontally arranged spindle axis being arranged coaxially
with the spindle axis of the main spindle.

[0018] Preferably, the main spindle carrier and/or the
counter-spindle carrier is configured to move along hor-
izontal guides arranged on the spindle carrier portion of
the machine frame in a horizontal direction in parallel with
the spindle axes of the main and counter spindles.
[0019] Preferably, the counter-spindle carrier supports
a spindle slide supporting the counter spindle for driving
a movement of the counter spindle transverse or perpen-
dicular with respect to the spindle axes.

[0020] Preferably, the machine tool furtherincludes an
auxiliary spindle carrier being arranged on the spindle
carrier portion of the machine frame, supporting a auxil-
iary hollow spindle being configured to receive and guide
a workpiece coaxially with the spindle axis of the main
spindle, in particular such that the workpiece extends out
of the auxiliary hollow spindle on both sides of the aux-
iliary spindle carrier, in particular to enable machining of
the workpiece clamped by the auxiliary hollow spindle
without any release of the clamping state.

[0021] It is to be noted that the above aspect can be
also provided as an independent aspect for use at ma-
chinetools. That s, there can be proposedindependently
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an auxiliary spindle assembly for use at a machine tool,
which auxiliary spindle assembly may include an auxiliary
spindle carrier configured for being arranged on a spindle
carrier portion of a machine frame of the machine tool,
the auxiliary spindle carrier supporting an auxiliary hollow
spindle being configured to receive and guide a work-
piece coaxially with the spindle axis of the main spindle,
in particular such that the workpiece extends out of the
auxiliary hollow spindle on both sides of the auxiliary spin-
dle carrier, in particular to enable machining of the work-
piece clamped by the auxiliary hollow spindle without any
release of the clamping state. Such auxiliary spindle may
include a spindle drive, such as e.g. a direct drive, for
driving a rotation of the received workpiece. There may
also be provided, according to an exemplary aspect, a
machine tool, in particular a lathe, which may comprise
a machine frame, one or more spindles (such as a main
spindle and/or a counter-spindle), and an auxiliary spin-
dle assembly, which auxiliary spindle assembly may in-
clude an auxiliary spindle carrier arranged on a spindle
carrier portion of a machine frame of the machine tool,
the auxiliary spindle carrier supporting an auxiliary hollow
spindle being configured to receive and guide a work-
piece coaxially with the spindle axis of the main spindle,
in particular such that the workpiece extends out of the
auxiliary hollow spindle on both sides of the auxiliary spin-
dle carrier, in particularto enable machining of the work-
piece clamped by the auxiliary hollow spindle without any
release of the clamping state.

[0022] Preferably, the auxiliary spindle carrier is con-
figured to move along horizontal guides arranged on the
spindle carrier portion of the machine frame in a horizon-
tal direction in parallel with the spindle axis of the main
spindle.

[0023] Preferably, the auxiliary spindle carrier is ar-
ranged between the main spindle carrier and the counter
spindle carrier.

[0024] Preferably, the auxiliary hollow spindle includes
an electrically, hydraulically and/or pneumatically con-
trolled clamp unit to clamp the workpiece received in the
auxiliary hollow spindle, and a drive to drive a rotational
motion of the workpiece clamped by the clamp unit.
[0025] Preferably, the auxiliary hollow spindle can
clamp the workpiece in one or more clamping states and
can also switch to areleased state in which the workpiece
is freely slidable within the hollow spindle. The clamping
states can include a rigid clamping state (locked) and/or
or a less tightened clamping state in which the workpiece
is guided in the hollow spindle but can still be slided in
the spindle axis direction.

[0026] Preferably,the driveincludes an electricorelec-
tro-magnetic direct drive mechanism. In other exemplary
embodiments, the drive may be realized as a conven-
tional drive mechanism, e.g. including a gear mecha-
nism.

[0027] Preferably, in some exemplary embodiments,
the auxiliary spindle carrier supports a spindle slide sup-
porting the auxiliary hollow spindle for driving a move-
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ment of the auxiliary hollow spindle transverse or per-
pendicular with respect to the spindle axes.

[0028] Preferably, in other exemplary embodiments,
the machine tool further includes the auxiliary spindle
carrier being arranged on the upper or lower tool carrier
portion of the machine frame, supporting the auxiliary
hollow spindle being configured to receive and guide a
workpiece coaxially with the spindle axis of the main spin-
dle, in particular such that the workpiece extends out of
the auxiliary hollow spindle on both sides of the auxiliary
spindle carrier, in particular to enable machining of the
workpiece clamped by the auxiliary hollow spindle with-
out any release of the clamping state.

[0029] Preferably, the auxiliary spindle carrier is con-
figured to move along horizontal guides arranged on the
upper or lower tool carrier portion of the machine frame
in a horizontal direction in parallel with the spindle axis
of the main spindle.

[0030] Preferably, also in such exemplary embodi-
ments, the auxiliary spindle carrier is arranged between
the main spindle carrier and the counter spindle carrier.
[0031] Preferably, also in such exemplary embodi-
ments, the auxiliary spindle carrier supports a spindle
slide supporting the auxiliary hollow spindle for driving a
movement of the auxiliary hollow spindle transverse or
perpendicular with respect to the spindle axes.

[0032] In further exemplary embodiments, the ma-
chine tool may include two auxiliary hollow spindles, e.g.
one being arranged opposed the main spindle and one
being arranged opposed the counter spindle, preferably
both auxiliary hollow spindles being arranged between
the main and counter spindles.

[0033] Preferably, both auxiliary hollow spindles are
configured to move horizontally in the direction of the
spindle axes, and the two auxiliary hollow spindles may
each be arranged as discussed above for the case of
one auxiliary hollow spindle.

[0034] Specifically, the auxiliary spindle carriers may
both be arranged on the spindle carrier portion. Also,
each of the auxiliary spindle carriers may be arranged
on the spindle carrier portion, the upper and/or the lower
tool carrier portion. In some exemplary aspects, one aux-
iliary spindle carrier may be arranged on the upper tool
carrier portion and the other auxiliary spindle carrier may
be arranged on the lower tool carrier portion. Further-
more, one or both of the auxiliary hollow spindles can be
configured to also move in a direction transverse or per-
pendicular to the spindle axes.

[0035] Ingeneral, Itis to be noted that workpieces can
be loaded to the machine tool by a workpiece loading
apparatus such as abarloader, bar feeder, and/or a han-
dling robot. Machined workpieces can be removed by an
unloading apparatus, e.g. by a/the handling robot.
[0036] While certain exemplary aspects have been de-
scribed above, it is to be understood that such aspects
are merely illustrative of and are not restrictive on the
broad invention, and that the exemplary aspects are not
limited to the specific constructions and arrangements
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shown and described above, since various other chang-
es, combinations, omissions, modifications and substi-
tutions, in addition to those set forth in the above para-
graphs, are possible. Those skilled in the art will appre-
ciate that various adaptations, modifications, and/or
combination of the just described aspects can be config-
ured. Therefore, it is to be understood that, further as-
pects may be practiced other than as specifically de-
scribed herein. Those skilled in the art will also appreci-
ate, in view of this disclosure, that different aspects de-
scribed herein may be combined to form other aspects
of the present disclosure.

Brief Description of the Figures
[0037]

Fig. 1 exemplarily shows a schematic perspective
view of a machine tool according to an exemplary
embodiment of the present invention.

Fig. 2 exemplarily shows a schematic perspective
view of a machine frame of the machine tool of Fig. 1.

Fig. 3 exemplarily shows a schematic perspective
view of the machine frame of Fig. 2 with mounted
workpiece spindles.

Fig. 4 exemplarily shows a schematic perspective
view of a tool carrier assembly according to exem-
plary embodiments.

Fig. 5 exemplarily shows a schematic a cross-sec-
tional view through the machine frame of the ma-
chine tool of Fig. 1.

Fig. 6 exemplarily shows a schematic perspective
view of a machine tool according to another exem-
plary embodiment of the present invention.

Fig. 7 exemplarily shows a schematic perspective
view of a machine frame of the machine tool of Fig. 6.

Fig. 8 exemplarily shows a schematic a cross-sec-
tional view through the machine frame of the ma-
chine tool of Fig. 6.

Fig. 9 exemplarily shows a schematic perspective
view of modules of a modular tool carrier assembly
system according to exemplary embodiments.

Fig. 10 exemplarily illustrates an abstract sectional
view of a auxiliary hollow spindle according to exem-
plary embodiments.

Fig. 11 exemplarily illustrates a sectional view of a
auxiliary hollow spindle according to exemplary em-
bodiments.
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Detailed Description

[0038] In the following, preferred aspects and exem-
plary embodiments will be described in more detail with
reference to the accompanying figures. Same or similar
features in different drawings and embodiments are re-
ferred to by similar reference numerals. It is to be under-
stood that the detailed description below relating to var-
ious preferred aspects and preferred embodiments are
not to be meant as limiting the scope of the present in-
vention.

[0039] Fig. 1 exemplarily shows a schematic perspec-
tive view of amachine tool 100 according to an exemplary
embodiment of the present invention.

[0040] The machine tool 100, exemplarily realized as
aturret lathe, comprises a machine frame 110 exempla-
rily supporting four tool carrier assemblies 150, a work-
piece-carrying main spindle 121 supported by a main
spindle carrier 120 and a workpiece-carrying counter-
spindle 141 supported by a counter-spindle carrier 140.
[0041] Fig. 2 exemplarily shows a schematic perspec-
tive view of a machine frame 110 of the machine tool 100
of Fig. 1.

[0042] The machine frame 110 exemplarily stands on
two machine stand portions 111aand 111b, and a carrier
support portion of the machine frame 110 is exemplarily
formed in between and held by the machine stand por-
tions 111a and 111b.

[0043] The machine frame 110 exemplarily has an up-
per support portion 113 and a lower support portion 114,
both of which exemplarily horizontally extend between
the two machine stand portions 111a and 111b. A front
support portion 112 of the machine frame 110 is formed
between the upper support portion 113 and the lower
support portion 114, wherein the front support portion
112 extends horizontally extend between the two ma-
chine stand portions 111a and 111b.

[0044] The front support portion 112 of the machine
frame 110 exemplarily has a vertically arranged front sur-
face. The upper side surface of the upper support portion
113 of the machine frame 110 is arranged at an inclined
slope, exemplarily at an inclination angle of substantially
45 degrees (e.g. with respect to the work floor on which
the machine frame 110 stands with its machine stand
portions 111a and 111b). The lower side surface of the
lower support portion 114 of the machine frame 110 is
arranged at an overhanging inclined slope, exemplarily
at an inclination angle of substantially 315 degrees (e.g.
with respect to the work floor on which the machine frame
110 stands with its machine stand portions 111a and
111b).

[0045] In other exemplary embodiments, the inclina-
tion angle of the upper side surface of the upper support
portion 113 of the machine frame 110 may bein the range
of 30 to 60 degrees. Also, the inclination angle of the
lower side surface of the lower support portion 114 of the
machine frame 110 may be in the range of 300 to 330
degrees. Specifically, it may be preferably provided that
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the angle formed between the upper and lower support
portions 113 and 114 is substantially 90 degrees.
[0046] For slidably supporting tool carrier assemblies
150 on the upper side of the machine frame 110 in a
machining area between the spindles, the upper support
portion 113 of the machine frame 110 has horizontally
extending guides 113a. For slidably supporting tool car-
rier assemblies 150 on the lower side of the machine
frame 110 in a machining area between the spindles, the
lower support portion 114 of the machine frame 110 has
horizontally extending guides 114a. For slidably support-
ing the counter spindle carrier 140 and the auxiliary spin-
dle carrier 130, the front-side oriented front support por-
tion 112 of the machine frame 110 has horizontally ex-
tending guides 112a.

[0047] Fig. 3 exemplarily shows a schematic perspec-
tive view of the machine frame 100 of Fig. 2 with mounted
workpiece spindles.

[0048] Exemplarily on the left front side on a front sur-
face side of the machine stand portion 111a and exem-
plarily at the height of the front support portion 112, the
machine frame 110 carries the main spindle carrier 120,
exemplarily guided horizontally on the guides 112a on
the front support portion 112. The main spindle carrier
120 includes the workpiece-carrying main spindle 121
being configured to receive an elongated workpiece,
such as a bar, and drive a rotation of the received work-
piece around the spindle axis of the main spindle 121.
Exemplarily, the main spindle 121 is arranged with its
spindle axis extending in the horizontal direction.
[0049] Further exemplarily, the counter-spindle carrier
140 is slidably mounted to the front support portion 112
on the guides 112a. The machine frame 110 carries the
counter-spindle carrier 140 which includes the work-
piece-carrying counter spindle 141 being configured to
receive an elongated workpiece, such as a bar, and drive
a rotation of the received workpiece around the spindle
axis of the counter spindle 141. Exemplarily, the counter
spindle 141 is arranged with its spindle axis extending in
the horizontal direction.

[0050] Specifically, the counter spindle 141 is exem-
plarily arranged opposing the main spindle 121 with its
spindle axis extendingin the horizontal direction coaxially
arranged with respect to the spindle axis of the main spin-
dle 121. Accordingly, the counter spindle 141 can be
moved horizontally towards the main spindle 121 to re-
ceive the workpiece received in the main spindle 121 to
take over the workpiece from the main spindle 121, e.g.
for allowing to machine the rear ends of the workpiece.
[0051] Further exemplarily, an optional auxiliary spin-
dle carrier 130 is slidably mounted to the front support
portion 112 between the main spindle carrier 120 and
the counter-spindle carrier 140, exemplarily guided hor-
izontally on the guides 112a on the front support portion
112, i.e. exemplarily on the same guides 112a which sup-
port the counter spindle carried 130.

[0052] The machine frame 110 carries the optional
auxiliary spindle carrier 130 which includes (or at least
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supports) a auxiliary hollow spindle 131 being configured
to receive an elongated workpiece, such as a bar, and
support and/or guide a rotation of the received workpiece
around the guide rotation axis of the auxiliary hollow spin-
dle 131. Exemplarily, the auxiliary hollow spindle 131 is
arranged with its guide rotation axis (auxiliary spindle ax-
is) extending in the horizontal direction. The auxiliary hol-
low spindle 131 can act as a spindle that clamps/holds
a workpiece and drives rotation of the workpiece, and
the auxiliary hollow spindle 131 can also act as a rotary
guide bush that guides rotation of a workpiece clamped
in one of or both of the main and counter spindles.
[0053] Specifically, the optional auxiliary hollow spin-
dle 131 is exemplarily arranged between the main spindle
121 and the counter spindle 141, on guides 12a, with its
guide rotation axis extending in the horizontal direction
coaxially arranged with respect to the spindle axes of the
main spindle 121 and the counter spindle 141.

[0054] Accordingly, the auxiliary hollow spindle 131
can be moved horizontally in the range in between the
main spindle 121 and the counter spindle 141 to receive
the workpiece received in the main spindle 121 and to
guide and/or support it, e.g. to prevent bending of the
workpiece due to a force applied by the tool or to receive
the workpiece received in the counter spindle 141 and
to guide and/or support it, e.g. to prevent bending of the
workpiece due to a force applied by the tool.

[0055] Returning again to Fig. 1, it is exemplarily
shown that four workpiece carrier assemblies 150 are
arranged on the upper and lower support portions of the
machine frame 110 in a machining area between the
spindles 121 and 141. Specifically, two workpiece carrier
assemblies 150 are exemplarily slidably arranged on the
upper support portion 113 of the machine frame 110, on
the guides 113a, and two workpiece carrier assemblies
150 are exemplarily slidably arranged on the lower sup-
port portion 114 of the machine frame 110, on the guides
114a.

[0056] Itis to be noted that the number of tool assembly
carriers 150 can be changed, and other configurations
can be provided. The embodiment with four tool assem-
blies carriers 150, two upper ones and two lower ones,
gives high machining flexibilities for simultaneous ma-
chining of different workpieces or the same workpiece at
different portions, and also to provide many tool types.
[0057] However, itis possible to also provide less than
four tool assemblies carriers 150, for example: only one
upper tool assembly carrier, two upper tool assembly car-
riers, only one lower tool assembly carrier, two lower tool
assembly carriers, one upper tool assembly carrier and
one lower tool assembly carrier, one upper tool assembly
carrier and two lower tool assembly carriers, or two upper
tool assembly carriers and one lower tool assembly car-
rier. For example, the tool assembly carriers can be
mounted according to the machining process require-
ments, e.g. based on customer’s preferences and re-
quirements.

[0058] Each tool assembly carrier 150 can be slidably
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mounted to be horizontally moveable along the guides
113aor 114a ofthe respective one of the upper and lower
support portions 113 or 114. Such movement direction
is typically referred to as Z-direction, and each tool as-
sembly carrier 150 may be movable via a respective nu-
merically controllable Z-axis.

[0059] In addition, the tool carrier assemblies 150 are
exemplarily configured to carry tool mounts with one or
more tools for machining of workpieces received at any
of the spindles 131 or 141, and the tool carrier assemblies
150 are further exemplarily configured with two further
linear axes, including a vertical axis such to vertically
move the tool mounts (i.e. perpendicular to the direction
of the coaxially arranged spindle axes). Such vertical
movement direction is typically referred to as X-direction,
and each tool assembly carrier 150 may be movable via
a respective numerically controllable X-axis.

[0060] Another third linear axis movement may be pro-
vided, for each tool carrier assembly 150, as another hor-
izontal or inclined axis such to move the tool mounts in
a third direction, which is exemplarily arranged perpen-
dicular to the direction of the coaxially arranged spindle
axes and which is horizontally oriented or inclined to the
horizontal plane. In any case, such further linear axis
movementdirectionis preferably arranged perpendicular
or transverse with respect to the vertical axis movement
direction. Such third movement direction, horizontally ar-
ranged or inclined, is typically referred to as Y-direction,
and each tool assembly carrier 150 may be movable via
a respective numerically controllable Y-axis.

[0061] Fig. 4 exemplarily shows a schematic perspec-
tive view of a tool carrier assembly 150 according to ex-
emplary embodiments. Exemplarily, all one, two three or
four tool carrier assemblies 150 arranged on the machine
frame 110 of the machine tool 100 may be realized sim-
ilarly.

[0062] The tool carrier assembly 150 includes a carrier
support slide 151 which is configured to be slidably
mounted to the guides 113a or 114a of the upper and
lower support portions 113 or 114 of the machine frame
110. Accordingly, when mounted on top of the upper sup-
port portion 113 on the guides 113a, the carrier support
slide 151 is configured to be moved horizontally on and
along the guides 113a (Z-axis) in the horizontal direction
in parallel to the horizontally and coaxially arranged spin-
dle axes of the spindles 121 and 141. On the other hand
when mounted in a hanging state at the overhanging low-
er support portion 114 at the guides 114a, the carrier
support slide 151 is configured to be moved horizontally
along the guides 114a (Z-axis) in the horizontal direction
in parallel to the horizontally and coaxially arranged spin-
dle axes of the spindles 121 and 141.

[0063] On the front side of the carrier support slide 151
of the tool carrier assembly 150, facing the machining
area of the machine tool 100 in between the spindles 121
and 141, atool carrier supportslide 152 is slidably mount-
ed tothe carrier supportslide 151. The tool carrier support
slide 152 is configured to be moved vertically on and
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along vertical guides arranged on a front face of the car-
rier support slide 151 (X-axis) in the vertical direction.
[0064] On the front side of the tool carrier support slide
152 of the tool carrier assembly 150, facing the machining
area of the machine tool 100 in between the spindles 121
and 141, a horizontally arranged tool carrier quill 153 (not
shown in Fig. 1) exemplarily extending from the front side
of the tool carrier support slide 152 vertically into the ma-
chining area of the machine tool 100 is exemplarily pro-
vided to mount a tool carrier at the front-side end portion
of the tool carrier quill 153.

[0065] In exemplary embodiments, optionally, the tool
carrier quill 153 can be mounted to the tool carrier support
slide 152 so as to controllably move horizontally in a Y-
direction (preferably perpendicular to the direction of the
spindle axes of the spindles 121 and 141) towards the
front of the machine tool 100 (Y-axis). In other exemplary
embodiments, the tool carrier quill 153 can include an
element configured to be moveable horizontally in the Y-
direction (preferably perpendicular to the direction of the
spindle axes of the spindles 121 and 141) towards the
front of the machine tool 100 (Y-axis).

[0066] By the above arrangement as shown in Figs. 1
and 4, the tool carrier assembly 150 is configured to carry
atool carrier, e.g. a tool holder holding one or more tools,
and is further configured to controllably move the tool
carrierinthree independent movementdirections, includ-
ing the X-direction exemplarily extending vertically and
perpendicular to the horizontally arranged direction of
the spindle axes, the Y-direction exemplarily extending
horizontally and perpendicular to the horizontally ar-
ranged direction of the spindle axes, and the Z-direction
exemplarily extending horizontally and in parallel with the
horizontally arranged direction of the spindle axes. Ac-
cordingly, the tool carrier assembly 150 is exemplarily
configured to be equipped with three independent con-
trollable linear axes: an X-axis, a Y-axis and a Z-axis.
[0067] Furthermore, optionally, the tool carrier quill 153
may be configured to further include a rotatably driven
B-axis so as to control a rotational movement of the tool
carrier mounted to the tool carrier assembly 150 around
the horizontally arranged longitudinal axis of the tool car-
rier quill 153, i.e. about a rotational axis extending in the
X-direction.

[0068] Fig. 5 exemplarily shows a schematic a cross-
sectional view through the machine frame 110 of the ma-
chine tool 100 of Fig. 1. The cross-sectional shape of the
machine frame 110 of the machine tool 100 exemplarily
includes an isosceles equiangular trapezoidal shape,
which is rotated by 90 degrees. In other embodiments,
the shape may be different and the rotation angle may
be different.

[0069] Fig. 5 shows that the front support portion 112
of the machine frame 110 exemplarily has the vertically
arranged front surface. The spindle carrier case 120 is
mounted to the front-side of the machine tool 100 at the
height of the front support portion 112. The front support
portion 112 further supports the horizontally extending
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guides 112a on which the counter spindle carrier 140
and/or the auxiliary spindle carrier 130 can be slidably
mounted (not shown in Fig. 5).

[0070] As previously mentioned, the upper side sur-
face of the upper support portion 113 of the machine
frame 110 is arranged at the inclined slope, exemplarily
at an inclination angle of substantially 45 degrees (e.g.
with respect to the work floor on which the machine frame
110 stands with its machine stand portions 111a and
111b). As previously mentioned, in other exemplary em-
bodiments, the inclination angle of the upper side surface
of the upper support portion 113 of the machine frame
110 may be in the range of 30 to 60 degrees.

[0071] For slidably supporting tool carrier assemblies
150 on the upper side of the machine frame 110 in a
machining area between the spindles, the upper support
portion 113 of the machine frame 110 has the horizontally
extending guides 113a on which the upper tool carrier
assembly 150 is mounted. The upper tool carrier assem-
bly 150 can be moved horizontally (Z-axis) and in parallel
with the direction of the spindle axes (i.e. perpendicular
to the drawing plane of Fig. 5).

[0072] The lower side surface of the lower support por-
tion 114 of the machine frame 110 is arranged at the
overhanging inclined slope, exemplarily at an inclination
angle of substantially 315 degrees (e.g. with respect to
the work floor on which the machine frame 110 stands
with its machine stand portions 111a and 111b). Also,
the inclination angle of the lower side surface of the lower
support portion 114 of the machine frame 110 may be in
the range of 300 to 330 degrees. Specifically, it may be
preferably provided that the angle formed between the
upper and lower support portions 113 and 114 is sub-
stantially 90 degrees.

[0073] For slidably holding tool carrier assemblies 150
at the lower side of the machine frame 110 in a machining
area between the spindles in a hanging state, the lower
support portion 114 of the machine frame 110 has the
horizontally extending guides 114a on which the lower
tool carrier assembly 150 is mounted in a hanging state.
The lower tool carrier assembly 150 can be moved hor-
izontally (Z-axis) and in parallel with the direction of the
spindle axes (i.e. perpendicular to the drawing plane of
Fig. 5).

[0074] As can be seen in Fig. 5, an advantage of the
lower side surface of the lower support portion 114 of the
machine frame 110 being arranged at the overhanging
inclined slope, to support and hold the lower tool carrier
assembly 150 in the hanging state, is that the slides and
support structures of the lower tool carrier assembly 150
can hide under the overhanging lower support portion
114 so as to not extend into the machining area under
the spindles so that chip fall from workpieces during ma-
chining can fall down without being obstructed by the
support structures of the lower tool carrier assembly 150.
[0075] Exemplarily, in Fig. 5, the upper tool carrier as-
sembly 150 carries atool turret 1 and the lower tool carrier
assembly 150 carries a machining head 2 holding and
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driving a tool such as a grinding tool or a milling tool.
[0076] Fig. 6 exemplarily shows a schematic perspec-
tive view of a machine tool 200 according to another ex-
emplary embodiment of the present invention. Fig. 7 ex-
emplarily shows a schematic perspective view of a ma-
chine frame 110 of the machine tool 200 of Fig. 6.
[0077] The machine tool 200 is different compared to
the machine tool 100 above by a different configuration
of the tool carrier assemblies 150. The description will
focus on differences in comparison to the machine tool
100 above, and non-described aspects are or may be
realized similarly.

[0078] Again, the machine frame 110 exemplarily
stands on two machine stand portions 111a and 111b,
and a carrier support portion of the machine frame 110
is exemplarily formed in between and held by the ma-
chine stand portions 111a and 111b. The machine frame
110 exemplarily has an upper support portion 113 and a
lower support portion 114, both of which exemplarily hor-
izontally extend between the two machine stand portions
111a and 111b. A front support portion 112 of the ma-
chine frame 110 is formed between the upper support
portion 113 and the lower support portion 114, wherein
the front support portion 112 extends horizontally extend
between the two machine stand portions 111aand 111b.
[0079] The front support portion 112 of the machine
frame 110 exemplarily has a vertically arranged front sur-
face. The upper side surface of the upper support portion
113 of the machine frame 110 is arranged at an inclined
slope, exemplarily at an inclination angle of substantially
45 degrees (e.g. with respect to the work floor on which
the machine frame 110 stands with its machine stand
portions 111a and 111b). The lower side surface of the
lower support portion 114 of the machine frame 110 is
arranged at an overhanging inclined slope, exemplarily
at an inclination angle of substantially 315 degrees (e.g.
with respect to the work floor on which the machine frame
110 stands with its machine stand portions 111a and
111b).

[0080] For slidably supporting tool carrier assemblies
150 on the upper side of the machine frame 110 in a
machining area between the spindles, the upper support
portion 113 of the machine frame 110 has horizontally
extending guides 113a. For slidably supporting tool car-
rier assemblies 150 on the lower side of the machine
frame 110 in a machining area between the spindles, the
lower support portion 114 of the machine frame 110 has
horizontally extending guides 114a. For slidably support-
ing the counter spindle carrier 140 and the auxiliary spin-
dle carrier 130, the front-side oriented front support por-
tion 112 of the machine frame 110 has horizontally ex-
tending guides 112a.

[0081] Different from the machine tool 100 of Fig. 1
above, the tool carrier assemblies 150 are further
equipped with another carrier support slide 154 which is
mounted to slide horizontally on the guides 113a or
guides 114a on the upper or lower support portions 113
and 114. On the other hand the carrier support slide 151
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is slidably mounted on the carrier support slide 154 to be
movable, as a modified X-axis, on guides on the carrier
support slide 154 in a direction perpendicular to the di-
rection of the spindle axes.

[0082] Fig. 8 exemplarily shows a schematic a cross-
sectional view through the machine frame 110 of the ma-
chine tool 200 of Fig. 6.

[0083] Exemplarily, due to the modified Y-axis, the tool
carrier quill 155 mounted on the frontside of the tool car-
rier slide 152 is a fixed structure not providing an addi-
tional linear movement. Still, optionally, the tool carrier
quill 155 can include a B-axis to drive a rotation of the
tool carrier, exemplarily embodied as machining heads
2 in Fig. 8, about a rotation axis which extends towards
the machining area horizontally and perpendicular to the
direction of the spindle axes.

[0084] Fig. 8 exemplarily shows that the directions of
the modified Y-axis of the slidable movement of the car-
rier support slides 151 on the carrier support slides 155
are exemplarily extending in parallel to the respective
inclinations of the upper and lower support portions 113
and 114.

[0085] Fig. 9 exemplarily shows a schematic perspec-
tive view of modules of a modular tool carrier assembly
system according to exemplary embodiments.

[0086] The tool carrier assembly system includes the
slide compound module including the carrier support
slide 151 and the tool carrier support slide 152 mounted
on a front side of the carrier support slide 151 with guide
slides 152a mounted slidably to the vertically extending
guides 151b arranged on the front-side face of the carrier
support slide 151. The lower-side face of the carrier sup-
port slide 151 has guide slides 151a which can be con-
figured to be slidably mounted to the guides 113aor 114a
on the upper or lower support portions 113 and 114 or
tothe guides 154a (see Fig. 8) on the other carrier support
slide 154.

[0087] The tool carrier support slide 152 exemplarily
has a cylindrical through hole 152 to which tool carrier
modules such as a fixed quill 155 or an optional B-axis
quill 153 can be mounted. The fixed quill 155 can be
modified to further include a B-axis and/or a slidable el-
ement to provide a Y-axis. According to different quill
modules, itis possible to equip the tool carrier assembly
a fixed quill, a quill equipped with an included Z-axis, a
quill equipped which an included a B-axis and a quill
equipped which an included a B-axis and an included Z-
axis.

[0088] Furthermore, the tool carrier assembly system
includes different tool carrier modules so that the tool
carrier assembly can be equipped with different tool car-
riers such as with a tool turret 1, a machining head 2
adapted to hold and drive a tool such as a milling tool or
a grinding tool GT (as exemplarily shown in Fig. 9), a
gear hobbing tool unit 3 or also a steady rest 4 or also a
forming tool, or others.

[0089] Fig. 10 exemplarily illustrates an abstract sec-
tional view of an auxiliary spindle carrier 130 according
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to exemplary embodiments. As previously mentioned,
such auxiliary spindle carrier 130 can optionally be pro-
vided, for example, the optional auxiliary spindle carrier
130 can be slidably mounted to the front support portion
112 between the main spindle carrier 120 and the coun-
ter-spindle carrier 140, exemplarily guided horizontally
on the guides 112a on the front support portion 112, i.e.
exemplarily on the same guides 112a which support the
counter spindle carried 130.

[0090] The optional auxiliary spindle carrier 130 in-
cludes (or at least supports) the auxiliary hollow spindle
131 being configured to receive an elongated workpiece,
such as a bar, and support and/or guide a rotation of the
received workpiece around the guide rotation axis of the
auxiliary hollow spindle 131. The optional auxiliary hollow
spindle 131 can be exemplarily arranged between the
main spindle 121 and the counter spindle 141, on guides
12a, withits guide rotation axis extending in the horizontal
direction coaxially arranged with respect to the spindle
axes of the main spindle 121 and the counter spindle 141.
[0091] Accordingly, the auxiliary hollow spindle 131
can be moved horizontally in the range in between the
main spindle 121 and the counter spindle 141 to receive
the workpiece received in the main spindle 121 and to
guide and/or support it, e.g. to prevent bending of the
workpiece due to a force applied by the tool or to receive
the workpiece received in the counter spindle 141 and
to guide and/or support it, e.g. to prevent bending of the
workpiece due to a force applied by the tool.

[0092] The auxiliary hollow spindle 131 exemplarily in-
cludes a controllable guide clamp unit 133, 134 to clamp
a workpiece W such as a bar to guide a rotation of the
workpiece W about the rotation axes of the spindles and
the auxiliary hollow spindle 131. The guide clamp unit
133, 134 can be controlled by electric, hydraulic and/or
pneumatic control, preferably to switch the guide clamp
unit 133, 134 between three clamping states.

[0093] In one clamp state, a sleeve of the guide clamp
unit 133, 134 can be loosened so that the workpiece W
is in an unclamped state (loose state). In another clamp
state, the sleeve of the guide clamp unit 133, 134 can be
actuated to clamp the workpiece W in a first (weaker)
clamp state in which the workpiece W is loosely clamped
so as to not be able to transfer torque between the work-
piece W and the guide clamp unit 133, 134 but to support
and guide the workpiece W coaxially with the spindle
axes, wherein a movement of the workpiece W in the
direction parallel to the spindle axes remains possible.
In another clamp state, the sleeve of the guide clamp unit
133, 134 can be actuated to clamp the workpiece W in
a second (stronger) clamp state in which the workpiece
W is strongly clamped so as to enable to transfer torque
between the workpiece W and the guide clamp unit 133,
134 in addition to supporting and guiding the workpiece
W coaxially with the spindle axes, wherein a movement
of the workpiece W in the direction parallel to the spindle
axes is not possible due to the strong clamping state.
[0094] In the latter state, i.e. in the stronger second
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clamp state, the workpiece W received in the auxiliary
hollow spindle 131 can be rotationally driven by a direct
drive 132 (exemplarily including an electric or electro-
magnetic motor). Accordingly, in such state, the auxiliary
hollow spindle 131 is configured to be used as a through-
hole additional spindle that gives the possibility to ma-
chine both workpiece ends W1 and W2 by different tool
carriers in one clamping state, providing perfect coaxial
arrangement; see e.g. Fig. 10. In other exemplary em-
bodiments, the drive may be realized as a conventional
drive mechanism, e.g. including a gear mechanism.
[0095] Fig. 11 exemplarily illustrates a sectional view
of an auxiliary hollow spindle 131 according to exemplary
embodiments. The auxiliary hollow spindle 131 includes
the direct drive 132 arranged around the guide clamp
unit including the sleeve 133 which can be electrically,
hydraulically and/or pneumatically controlled to fixedly
clamp the workpiece W coaxially with the spindle axes
in the second clamping state, wherein both ends of the
workpiece W extend out of the auxiliary hollow spindle
131 and are exposed for machining operations per-
formed simultaneously on both side ends thereof (see
also Fig. 10).

[0096] In addition to the above exemplary embodi-
ments, further exemplary embodiments are conceivable.
[0097] Forexample, in other exemplary embodiments,
the machine tool may further include the auxiliary spindle
carrier being arranged on the upper or lowertool carrier
portion of the machine frame, supporting the auxiliary
hollow spindle being configured to receive and guide a
workpiece coaxially with the spindle axis of the main spin-
dle, in particular such that the workpiece extends out of
the auxiliary hollow spindle on both sides of the auxiliary
spindle carrier, in particular to enable machining of the
workpiece clamped by the auxiliary hollow spindle with-
out any release of the clamping state.

[0098] For example, the auxiliary spindle carrier can
be configured to move along horizontal guides arranged
on the upper or lower tool carrier portion of the machine
frame in a horizontal direction in parallel with the spindle
axis of the main spindle.

[0099] Also in such exemplary embodiments, the aux-
iliary spindle carrier can be arranged between the main
spindle carrier and the counter spindle carrier.

[0100] Also in such exemplary embodiments, the aux-
iliary spindle carrier can support a spindle slide support-
ing the auxiliary hollow spindle for driving a movement
of the auxiliary hollow spindle transverse or perpendicu-
lar with respect to the spindle axes.

[0101] In further exemplary embodiments, the ma-
chine tool may include two auxiliary hollow spindles, e.g.
one being arranged opposed the main spindle and one
being arranged opposed the counter spindle, preferably
both auxiliary hollow spindles being arranged between
the main and counter spindles.

[0102] Forexample, both auxiliary hollow spindles can
be configured to move horizontally in the direction of the
spindle axes, and the two auxiliary hollow spindles may
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each be arranged as discussed above for the case of
one auxiliary hollow spindle.

[0103] Specifically, the auxiliary spindle carriers may
both be arranged on the spindle carrier portion. Also,
each of the auxiliary spindle carriers may be arranged
on the spindle carrier portion, the upper and/or the lower
tool carrier portion. In some exemplary aspects, one aux-
iliary spindle carrier may be arranged on the upper tool
carrier portion and the other auxiliary spindle carrier may
be arranged on the lower tool carrier portion. Further-
more, one or both of the auxiliary hollow spindles can be
configured to also move in a direction transverse or per-
pendicular to the spindle axes.

[0104] Ingeneral, Itis to be noted that workpieces can
be loaded to the machine tool by a workpiece loading
apparatus such as abarloader, bar feeder, and/or a han-
dling robot. Machined workpieces can be removed by an
unloading apparatus, e.g. by a/the handling robot.
[0105] While certain exemplary aspects have been de-
scribed above, it is to be understood that such aspects
are merely illustrative of and are not restrictive on the
broad invention, and that the exemplary aspects are not
limited to the specific constructions and arrangements
shown and described above, since various other chang-
es, combinations, omissions, modifications and substi-
tutions, in addition to those set forth in the above para-
graphs, are possible. Those skilled in the art will appre-
ciate that various adaptations, modifications, and/or
combination of the just described aspects can be config-
ured. Therefore, it is to be understood that, further as-
pects may be practiced other than as specifically de-
scribed herein. Those skilled in the art will also appreci-
ate, in view of this disclosure, that different aspects de-
scribed herein may be combined to form other aspects
of the present disclosure.

Claims
1. Machine tool, in particular a lathe, comprising:

- a machine frame having an upper tool carrier
support portion, a lower tool carrier support por-
tion and a spindle carrier portion arranged be-
tween the upper and lower tool carrier support
portions,

- a spindle carrier, being arranged on or at a
height of the spindle carrier portion of the ma-
chine frame, supporting a main spindle config-
ured to receive a workpiece, the main spindle
having a horizontally arranged spindle axis,

- one or more tool carriers, each tool carrier be-
ing supported on a tool carrier assembly being
arranged on either the upper tool carrier support
portion or the lower tool carrier support portion
of the machine frame,

characterized in that a lower side-surface of the
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lower tool carrier support portion, to which the one
or more tool carriers are mountable, is arranged to
have an overhanging inclination.

Machine tool according to claim 1, characterized in
that

the lower side-surface of the lower tool carrier sup-
port portion is inclined at an overhanging inclination
angle in the range between 300 and 330 degrees,
in particular at substantially 315 degrees.

Machine tool according to claim 1 or 2, character-
ized in that

an upper side-surface of the upper tool carrier sup-
port portion, to which the one or more tool carriers
are mountable, is arranged to have an inclination.

Machine tool according to claim 3, characterized in
that

the upper side-surface of the upper tool carrier sup-
port portion is inclined at an inclination angle in the
range between 30 and 60 degrees, in particular at
substantially 45 degrees.

Machine tool according to any of the preceding
claims, characterized in that

one or more or each tool carrier assembly is config-
ured to independently move the respective tool car-
rier in one or more linear directions, including at least
one of a Z-axis movement direction for moving the
tool carrier horizontally in a direction in parallel to the
spindle axis of the main spindle, an X-axis movement
direction for moving the tool carrier radially with re-
spect to the spindle axis of the main spindle, and a
Y-axis movementdirection for moving the tool carrier
in a direction perpendicular to the spindle axis of the
main spindle and perpendicular to the X-axis move-
ment of the main spindle.

Machine tool according to any of the preceding
claims, characterized in that

one or more or each tool carrier assembly is config-
ured to rotate the respective tool carrier about a ro-
tation axis which extends perpendicular to the spin-
dle axis of the main spindle, in particular by a B-axis
movement.

Machine tool according to any of the preceding
claims, characterized by

a counter-spindle carrier being arranged on the spin-
dle carrier portion of the machine frame, supporting
a counter spindle facing the main spindle and being
configured to receive a workpiece, the counter spin-
dle having a horizontally arranged spindle axis being
arranged coaxially with the spindle axis of the main
spindle.

Machine tool according to claim 7, characterized in



10.

1.

12.

13.

14.

15.

19 EP 3 616 832 A1 20

that

the main spindle carrier and/or the counter-spindle
carrier is configured to move along horizontal guides
arranged on the spindle carrier portion of the ma-
chine frame in a horizontal direction in parallel with
the spindle axes of the main and counter spindles.

Machine tool according to claim 7 or 8, character-
ized in that

the counter-spindle carrier supports a spindle slide
supporting the counter spindle for driving a move-
ment of the counter spindle transverse or perpendic-
ular with respect to the spindle axes.

Machine tool according to any of the preceding
claims, characterized by

an auxiliary spindle carrier being arranged on the
spindle carrier portion of the machine frame, sup-
porting an auxiliary hollow spindle being configured
to receive and guide a workpiece coaxially with the
spindle axis of the main spindle, in particular such
that the workpiece extends out of the auxiliary hollow
spindle on both sides of the auxiliary spindle carrier,
in particular to enable machining of the workpiece
clamped by the auxiliary hollow spindle without any
release of the clamping state.

Machine tool according to claim 10, characterized
in that

the auxiliary spindle carrier is configured to move
along horizontal guides arranged on the spindle car-
rier portion of the machine frame in a horizontal di-
rection in parallel with the spindle axis of the main
spindle.

Machine tool according to one of claims 7 to 9 and
claim 10 or 11, characterized in that

the auxiliary spindle carrier is arranged between the
main spindle carrier and the counter spindle carrier.

Machine tool according to any of claims 10 to 12,
characterized in that

the auxiliary hollow spindle includes an electrically,
hydraulically and/or pneumatically controlled clamp
unit to clamp the workpiece received in the auxiliary
hollow spindle, and a drive to drive a rotational mo-
tion of the workpiece clamped by the clamp unit.

Machine tool according to claim 13, characterized
in that

the drive includes an electric or electro-magnetic di-
rect drive mechanism.

Machine tool according to any of claims 10 to 14,
characterized in that

the auxiliary spindle carrier supports a spindle slide
supporting the auxiliary hollow spindle for driving a
movement of the auxiliary hollow spindle transverse
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or perpendicular with respect to the spindle axes.
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